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ABSTRACT 

Objective: To obtain uniform thickness of sputtering film by providing a forging method 
for high-purity titanium materia] used for manufacturing high-quality Ti targets. 

Content: High-purity Ti for making Ti sputtering targets is forged in combination of 
swaging and upsetting at a temperature above the phase transformation point, so thai the 
forging ratio is at least 5. Then forging with combination of swaging and upsetting is 
performed below the phase transformation point to obtain a forging ratio of at least 5. 
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Claims 

A forging process that Is applied on Mgh-puriiy titanium used in manufacturing Ti sputter 
target* as follows. Combination of swaging with upsetting is performed at a temperature 
above the phase transformation point as the first forging stage. Combination of swuging * 
with upsetting is performed at a temperature below the phase transformation point as, the / 
second forging stage? The forging ratios for both stages arc larger than 5. The two-stage 
forging process is performed at least once on high-purity titanium. ^ 

Details of Invention 

Industrial Application 

This invention provides a forging process for high-purity Ti material used in 
manufacturing titanium sputter targets. 

Conventional Technology 

In semiconductor industry, high- purity titanium films are formed by sputtering titanium 
targets. The high-purity titanium sputtering targets are usually manufactured by a 
procedure consisting of casting, forging, rolling and heat treatment. 

For the uniformity of the sputtering film thickness, ii is necessary to refine the grain size of 
the target. Therefore, rolling and heat treatment is adopted to control the grains size, 5 wSSc3 
forging and rolling are pdformed for shape ccattol^ the targets. ^ 

In addition, conventional forging method is based on the forging the whole ingot. For 
manufacturing titanium sputtering targets, rolling is performed lo obtain appropriate shape 
of the targets based on the particular geometry of ingot. The cast structure is partially 
broken down during the process. For example, in the Japanese patent 62-280639, which is 
not specially for the manufacturing target, the forging of titanium was executed by 
combination of swaging with upsetting repeatedly. In this process, the forging ratio at a 
temperature above and below the phase transformation point are 5-8 and 3-4, respectively. 
As a result of this process, grain size is refined. 

Problem Solved by This Invention 

The process of combination of swaging with upsetting can effectively break, down the cast 
structure of high-purity titanium. The subsequent rolling and heat treatment on high purity 
Ti in manufacturing Ti targets has little effect on the uniformity of sputtered film 
thickness. Therefore the practical function of mis process is limited. The objective of this 
invention is to provide a forging method for high-puriiy Ti material used for 
manufacturing Ti targets that provides very uniform Ti thin film. 

Approach for Solving the Problem 

In order to manufacture Ti target that provides high uniformity of film thickness, the 
inventors performed series of experiments with emphasis on forging process. The results 
show that the combination of swaging with upsetting, particularly at a temperature below 
the phase transformation point is very important in manuFacturing titanium target. The 
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reason that repeated forging has no significant effect on sputtering performance as 
reported by the Japanese patent 62-280639 is insufficient amount of forging ut the 
temperature below the phase transformation point. Forging at a temperature below the 
phase transfonnati n point is as important as forging at a temperature above the phase 
transformation point. Therefore, titanium sputtering targets manufactured by the forgin» 
process suggested by patent 62-280639 was not very effective on improving the 
uniformity of film thickness. * 

Based on ^experimental results, this invention adopts a two-stage forging process with 
the following characteristics for high-purity titanium materia] used in manufacturing Ti 
sputtering targets. Combination of swaging and upsetting is applied at a temperature 
above the phase transformation temperature in Lhe first stage of forging to achieve a 
forging ratio of more than 5. And then, combination of swaging and upsetting is applied 
again at a temperature below the phase transformation temperature in the second stage of 
f orging to achieve a forging ratio more than 5. 

Description of Invention 

4N5 grade(99.99S%) high-purity titanium was used in this invention. The forging ratio is 
the suimnary of ratios of cross-section areas after each swaging and upsetting forging as 
illustrated in Figure 1. The deformation ratios of this invention are more than 3 for both 
the first and the second forging stages. 

Since the purpose of the first forging stage is to break down the cast structure, ir is 
^formed at a temperature above the phase transformation point at which titanium has 
good fotmability. However, if the forging temperature is higher than necessary, more 
oxidation of Ti will be promoted. Therefore, the temperature for the first forging stage is 
preferably 900-950*C. If the forging ratio is less than 5, the cast structure will break down 
^sufficiently. On the other hand, large forging ratio in the first forging stage does not 
provide the benefit that the second forging stage provides, and larger forging deformation 
means higher cost in production. Therefore, it is desirable to keep the forging ratio less 
than 10 above the phase transformation point and it is sufficient to perform such forging 
once. 

The purpose of the second forging is to accumulate the amount of deformation. The first 
forging was performed at a temperature above the phase transformation point at which 
titanium has good formability. Though it can break down the cast structure, the amount of 
deformation can not be accumulated in the first forging. The accumulation of the 
deformation during the second forging promotes the recrystaUization after subsequent 
rolling and heat treatment. The grain refining of the titanium target is benefit to the 
uniformity of film thickness. In order to accumulate the amount of deformation, second 
forging is performed at a temperature bellow the phase transformation temperature at 
which the formability of titanium is not good. Cracks may occur if the forging temperature 
is too low. Therefore, the lower temperature limit should be higher than 500°C. It is 
necessary to have the forging ratio higher than 5, preferably higher than 10, and ideally 20. 
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From the economic point of view, forging ratio of 10-20 is desired, and 15-20 is preferred. 
It is desirable that two forging cycles, preferably three forging cycles are performed. 

Swaging combined with upsetting forging are adopted in boch the first and second forging 
stages. The cast structure is broken down and the uniformity of mierostmeuire is 
promoted due to the increase of the forging ratio in first forging stage. The grain size is 
refined during the subsequent rolling and heat treatment due to the increase of the forging 
ratio in the second forging stage. 

Examples 

The effect of this invention can be seen from the following examples. A high-purity 
titanium (4N5) ingot in which the impurity contents are shown in Table 1 was forged 
according to the conditions shown in Table 2. The microstructure of the forging bilicK 
was investigated at cross-sections perpendicular to the directions of reduction. The 
qualification standard is that the largest grain size should be less than 5 mm. 

Table t Unit: ppm 

Fe Cr Nj Na K Th IT o 

10 3 2 <Q-I <0.1 <0.001 "<0.001 250 



Table 2 



Heating lo 1 050-950 6 C Healing to 660-<S00°C Microsliucmre Grain Size Distribution 
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No. or 
Cycles 
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Qualification 
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10 
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* Contains unrecrystallized grains. 



All the billets were rolled with deformation of 50% at 300°C, and then heal treated at 
500°C to produce blanks of sputtering targets. The grain sizes were measured at the 
cross-section. The distributions of film thickness were measured after the sputtering 
deposition with these targets. The average thickness of the .sputtering films was 50 nm. 
The distributions of film thickness, (maximum film thick^ss-rninirrium film thickness) / ( 
average film thicknessx 2) x!00%, are shown in Table 2. 
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^tITJJJ**? 1 ^ *! 0 - t forging P"* 01 ™* without the combination of s Wa ™ 
: *. f ^ for * Jther * e fir * or the second forging stage. The stnaciure of foS^I 
not satisfactory. After filing and heat treatment, unrealized grains ren^nehn the 
titanium target. The corresponding distribution of the fiJthickne^lTS ^hfe^e n? 
examples No.2 and No.3. the targets experienced rwoToS^es S'^^^Sn* 
film thickness was not uniform as in the case No. 1. spurring 

In case of examples No.4 and No.5, although combination of swaan- with unsairt™ « 

penormed in flic first forging stage and a^satisfactory ^ St offS 

JLSS.'J ^If 8 , N % 7 " 12, n0t 0lJy the halation of swaging with opaeuin- was 
£Sl ^ Und . the for ^ ^ ^t g also the' amount £ 

(ieforrnation was sufficient. Therefore, the billets had satisfactory microstructure «md the 
2X2? grains withom unrecryst^d grain, As ?J2^TSSM t 

film thickness increased significantly. y " r me 

Effect of the invention 

It is evident from the results shown above that the forging process of this invention, that is 

IS^SSJX ^ -^"T ab0W * C PW tta " sfo ™"ion point fo~S a 
second forging stage with a significant amount of deformation at a temperature below ine 

Wcknc n distobution The improvement in film uniformity will promote high level of 
integration w semiconductor industry. 1 h lcve ' 01 
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